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Urothelial transformation into functional glandular tissue in situ by
instructive mesenchymal induction. It is generally believed that adult
tissue is terminally differentiated. The ureter is derived from the meta-
nephric divcrticulum which, along with the derivatives of the metanephric
mesoderm, forms the kidney. In our experiments, the left ureters of adult
male athymic mouse hosts were severed below the kidney, and mesen-
chyme from neonatal rat seminal vesicles (SVM) was grafted to the cut
end of the ureter, thus bringing adult mouse ureter epithelium (URE) in
contact with neonatal rat SVM. After four to eight weeks, the in situ tissue
recombinants were harvested, and the epithelial secretory proteins recov-
ered. In 5 of 11 cases, an induction occurred, resulting in an in Situ
transformation of the non-glandular transitional epithelium of the adult
mouse ureter into the simple columnar epithelium of the seminal vesicle
(SV). Functional cytodifferentiation was examined in these neonatal rat
SVM + adult mouse URE tissue recombinants using antibodies against
SV-specific secretory (SVS) proteins of the mouse and rat. From the cut
end of the ureter, the adult URE was induced to undergo SV morpho-
genesis, to express SV cytodifferentiation, and to produce the complete
spectrum of major SVS proteins characteristic of the mouse. The induced
seminal vesicle epithelium (SVE) also expressed androgcn receptors (AR)
which are not seen in urothelial tissue. Staining with Hoechst dye 33258,
which can distinguish cells of mouse and rat origin, further demonstrated
that the induced SVE was indeed of mouse origin and not a contaminant
of the inducing rat SVM. In addition, neonatal mouse vaginal mesen-
chyme was grafted in situ beneath the bladder mucosa of adult male mice,
and the host animals were killed after three months. The vaginal mesen-
chyme implanted into the bladders induced prostate-like acini, indicating
that the above reprogramming of adult organs in situ is not an isolated
occurrence. These results set a precedent for the "recreation" of new vital
organs, such as the kidney, in situ by demonstrating that adult epithehal
cells retain a developmental plasticity equivalent to their undifferentiated
fetal counterparts and are capable of being reprogrammed in Situ to
express a completely new morphological, biochemical, and functional
phenotype.
The kidney forms as a result of a mesenchymal-epithelial
interaction between the meserichymal metanephric mesoderm
and the epithelial ureteric bud (which also forms the ureter) [1].
Mesenchyme, defined as loose embryonic connective tissue, is
critically involved in the development of the integumental [2],
gastrointestinal [3], skeletal [4], and urogenital systems [5—7].
Mesenchyme induces a broad spectrum of epithelial forms, in-
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eluding: simple epithelial ducts and tubules; branched ductal
networks; planar epithelial surfaces; as well as many highly unique
epithelial patterns such as that found in teeth, feathers, and sense
organs [8—10]. Evidence suggests that during these morphoge-
netic processes, epithelial proliferation is regulated by the mes-
enchyme [11—14]. Mesenchyme-induced epithelial development
culminates in the emergence of specific types of epithelial cyto-
differentiation and the expression of tissue-specific macromole-
cules [15—18].
Mesenchymal-epithelial tissue recombinants can be made in
which the mesenchyme induces the epithelium in a permissive or
instructive manner. Tissue interactions characterized as permis-
sive inductions are those in which mesenchyme permits the epi-
thelium to express its normal developmental fate. Instructive
inductions are those in which mesenchyme induces an epithelium
to express an entirely new developmental fate specified by the
mesenchyme.
In instructive inductions, the epithelium is not irreversibly
committed and, therefore, it retains the ability to respond to a
heterologous mesenchymal inductor. For example, in the pres-
ence of androgens, urogenital sinus mesenchyme can elicit pros-
tatic development in epithelia of the female urogenital sinus,
postnatal vagina, and fetal or postnatal bladder [19—23]. It should
be noted that all these epithelia are derived in total or part from
the embryonic urogenital sinus [24]. The epithelial duets induced
by the urogenital sinus mesenchyme expressed histological, ultra-
structural, and functional features indicative of prostate: andro-
gen receptors; prostate-specific antigens; androgen dependency
for DNA synthesis; and prostatic secretory proteins [23, 25—28].
None of these changes occurred if the epithelium was grown by
itself [6, 23]. Both instructive and permissive inductions by
urogenital mesenchyme appear to be mediated by similar, if not
identical, signals in a variety of mammalian species, as heterospe-
cific prostatic inductions have been observed in tissue recombi-
nants constructed of mixtures of mouse, rat, rabbit, and human
tissues [29].
The adult counterpart of embryonic mesenchyme is stroma,
which constitutes the non-epithelial component of an organ. The
predominant cells of the stroma are fibroblasts and smooth
muscle. The role of stromal-epithelial interactions has received
considerably less attention than that of mesenchymal-epithelial
interactions, probably due to the fact that adult epithelial cells are
believed to be irreversibly determined and terminally differenti-
ated [30, 31]. Nonetheless, there is evidence that supports the idea
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that adult epithelial cells remain responsive to the inductive
influences of stromal/mesenchymal cells.
Many examples of developmental plasticity in adulthood in-
volve the stromal induction of regional variation in epidermal
differentiation [32—341. These findings, however, are best charac-
terized as stromal-induced modulations of epidermal differentia-
tion since minor changes in epidermal thickness and patterns of
keratinization are encompassed within the basic stratified squa-
mous epidermal phenotype. In other experimental models, mes-
enchymal or stromal cells have elicited changes in the morphol-
ogy, differentiation, or growth of adult epithelial cells [23,35, 36].
The profound changes elicited by urogenital sinus mesenchyme in
the epithelium of the adult urinary bladder provides one of the
most striking examples of a mesenchyme-induced alteration in
adult epithelial differentiation. As noted above, in this model
embryonic urogenital sinus mesenchyme induced the epithelial
cells of the adult urinary bladder to undergo prostatic differenti-
ation. This resulted in formation of a simple columnar secretory
epithelium, morphogenesis of a branched ductal network, marked
stimulation in epithelial proliferation, and expression of several
prostate-specific markers [18, 23, 28].
Is such a profound developmental reprogramming as repre-
sented by this last example more widely applicable to other adult
epithelia? A closely related mesenchyme, seminal vesicle mesen-
chyme, has been shown to be able to induce seminal vesicle
differentiation from adult epithelial derivatives of the Woiffian
duct. Significantly, the induced epithelial cells from tissue recom-
binants prepared in vitro expressed the full complement of
seminal vesicle secretory proteins [37]. This report considers
whether an induction can be achieved in situ by direct implanta-
tion of SVM into suitably prepared sites of adult animals. Since
the embryonic Wolifian ducts normally give rise to the epithelia of
the epididymis, seminal vesicle, ureter, and ductus deferens, this
system provides an excellent model in which the morphological
and functional aspects of the reprogramming of adult epithelia
can be studied in situ. This report demonstrates for the first time
that new functional organs can be created in Situ by mesenchymal
induction of adult epithelial cells.
Methods
Animals
Neonatal Sprague-Dawley rats and adult athymic mice were
obtained from Simonsen (Gilroy, CA, USA). C57BL/6J mice were
obtained from Jackson Labs. Neonatal male rats and female mice
were used within 24 hours of birth (day 0). All animals received
water and laboratory chow ad libitum and were housed under
standard laboratory conditions.
Materials
The polyclonal rabbit antibodies (IgG fraction) monospecific
for the androgen-dependent proteins (proteins I-V) of rat SVS
proteins have been described before [38]. The antibody to mouse
SVS proteins has been described [39]. Higgins and co-workers
have described all the immunocytochemical reagents and their
sources [16, 39].
Preparation of tissue recombinants
Seminal vesicles were excised from 0-day-old neonatal rats.
Vaginas were excised from 0-day-old neonatal mice. Mesen-
Fig. 1. Schematic drawing illustrating the placement of the neonatal rat
SVM onto the adult mouse URE.
chymes were separated from epithelium following tryptic diges-
tion as described previously [401.
Following overnight culture of the rat SVM on a 1% agar
substrate, the mesenchyme rounded up into a cohesive mass of
tissue which was transplanted into adult male athymic mouse
hosts anesthetized with Avertin (tertiary amyl alcohol plus tribro-
moethanol). The transplant site for the SVM was the severed
proximal end of the ureter of the adult male athymic mouse host.
The grafted SVM was fixed in place by a thin platinum wire which
acted as a staple, holding the neonatal rat SVM in contact with the
adult mouse ureter.
The transplant site for the mouse vaginal mesenchyme was the
bladder of the adult male C57BL/6J mouse. Bladders were
exteriorized through a small, midventral incision in the body wall.
The bladder mucosa was exposed by an oblique incision in the
muscular wall of the bladder. The vaginal mesenchyme was then
inserted into the incision such that the neonatal mouse mesen-
chyme was in close proximity to the adult mouse bladder epithe-
hum.
Recovery and processing of tissue recombinants
Hosts were killed 4 to 12 weeks after grafting. The grafts were
isolated by dissection. Secretions were recovered from the lumina
of the recombinants, solubilized in SDS, and stored as described
[39]. The remaining tissue was fixed by immersion overnight in 4%
paraformaldehyde, embedded in paraffin, sectioned at 5 m, and
air-dried onto poly-L-lysine-coated slides [39].
Immunocytochemistiy
Antibodies against mouse SVS proteins and rat SVS protein IV
were used for immunocytochemistry. The antibodies against
mouse SVS proteins react with mouse but not rat SVS proteins,
while antibodies against rat SVS protein IV reacts with rat but not
mouse SVS proteins. The immunocytochemical methodology has
been described in detail earlier [39, 41]. Briefly, deparaffinized
tissue sections were incubated successively with the primary
antisera, biotinylated donkey anti-rabbit IgG, PBS-Tween, and
the Vectastain peroxidase ABC reagent (Vectastain kit, Vector
Laboratories). The colored reaction product is then developed
using diaminobenzidine and H202 as described [42].
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Fig. 2. The induced mouse SV can be seen at
the severed end of the ureter with the platinum
wire visible (small arrow).
Polyactylamide gel electrophoresis
Protein samples prepared in PBS-SDS were analyzed by elec-
trophoresis in polyacrylamide (10 to 20% linear gradient) slab gels
using a discontinuous buffer system [43] with 0.1% SDS through-
out [44]. Proteins (20 to 50 g per lane) resolved by this method
(SDS-PAGE) were visualized by staining for one hour in 0.1%
Coomassie blue in acetic acid:methanol:H20 (1:3:6 by vol) fol-
lowed by prolonged destaining in the same solution without the
dye.
Androgen receptors
The PG2I antibody, generously provided by Gail Prins, was
used to detect androgen receptors in frozen tissue sections as
described previously [411. The tissue sections were then stained
using the Biotin/Avidin system (Vectastain kit, Vector Laborato-
ries).
Results
Left ureters of anesthetized adult male athymic mouse hosts
were severed below the kidney and neonatal rat SVM was grafted
to the cut end of the ureters, thus bringing adult mouse URE in
contact with neonatal rat SVM (Fig. 1). The mesenchyme was
held in place with a thin platinum wire. The hosts were killed four
to eight weeks after grafting, and the in situ tissue recombinants
were harvested and the secretions recovered. In 5 of 11 tissue
recombinants, an instructive induction occurred, resulting in the
in situ transformation of the adult non-glandular mouse urothe-
hum into mouse SV tissue (Fig. 2). The failure of induction to
occur in 6 of the 11 cases is attributed to the detachment of the
neonatal rat SVM from the graft site as the platinum wire was
found some distance from the ureter when the hosts were
sacrificed. This detachment of the rat SVM from the graft site is
not unexpected as the surgery was very difficult given the small
sizes of the tissues involved.
The tissue recombinants composed of neonatal rat SVM and
60-day-old (adult) nude mouse URE formed histologically recog-
nizable SV tissue (Figs. 3 A, B). A higher magnification view
shows the area where the transitional epithelium, found in the
ureter, changes to simple columnar epithelium characteristic of
the SV (Fig. 3A inset). Immunocytochemistry was performed with
species-specific antibodies which showed that the induced SVE
expressed mouse (not rat) SVS proteins (Figs. 4 A, B). The
presence of mouse SVS proteins in the induced glandular tissue
was confirmed by polyacrylamide-gel electrophoresis (SDS-
PAGE; Fig. 5, lanes 4, 5). Particularly evident in the secretions
obtained from the induced glandular tissue were the low molec-
ular weight triplet and protein #3 at about 27 kD which are
characteristic of mouse SV secretions. The two higher molecular
weight proteins running at 30 and 66 kD were also present, but at
lower levels. In addition, a control was performed in which
neonatal rat SV (both epithelium and mesenchyme) was grafted
to the adult mouse ureter. In this case the secretions obtained
were characteristic of rat (not mouse) SV (Fig. 5, lane 6).
Further evidence regarding the instructively induced glandular
tissue in rat SVM + mouse URE tissue recombinants was
obtained by nuclear staining with Hoechst dye 33258 [45]. Mouse
nuclei stained with this dye display many intensely fluorescent
spots, whereas rat nuclei stain homogeneously. Use of this dye on
rat SVM + mouse URE recombinants indicated that the induced
SV tissue was mouse in origin (Fig. 6 and inset).
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Fig. 3. Histology of the tissue recombinants resulting from the grafting of neonatal rat SVM to the severed end of the ureter of an adult male nude mouse and
subsequent growth for a period of one month. (A) Sagittal section through the mouse ureter stained with hematoxylin and eosin (X 80) showing the change
from the transitional urothelium of the ureter to that of simple columnar epithelium indicative of SV (arrow). (A inset) A higher magnification view
showing the area where the transitional urothelium changes to simple columnar epithelium (X160). (B) Frontal section through the induced tissue
stained with hematoxylin and eosin (x 100) showing the glandular structures consistent with SV tissue (bottom). The change from the transitional
urothelium of the ureter to that of simple columnar epithelium indicative of the SV is again shown (arrowhead).
Fig. 4. Immunocytochemistiy using polyclonal rabbit antibodies (IgG) that are specific for the mouse S VS proteins (A) and rabbit antibodies (IgG) that are
monospecific for rat SVS protein IV (B). Control serum showed no staining (not illustrated). (A) This positive reaction indicates that the SVS proteins
from the simple columnar epithelium are of mouse origin (X320). (B) SVS proteins of rat origin were not detectable (X320).
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Fig. 5. Analysis of secretory proteins from tissue66.2k — recombinants. Secreted proteins were analyzed
by SDS-PAGE. Lane 1 molecular weight
45k — standards; lane 2 = rat SVS proteins; lane 3 =
mouse SVS proteins; lanes 4,5 = SVS proteins
from individual tissue recombinants, that is,
neonatal rat SVM+ adult mouse URE; lane 6
31k — = SVS proteins from a tissue recombinant in
which neonatal rat SV (both epithelium and
mesenchyme) was grafted to the adult mouse
ureter; lane 7 = mouse serum. The results from
lanes 4 and 5 show that the secretory proteins
from these tissue recombinants are SVS
proteins and are of mouse origin. Note
—
especially the low molecular weight triplet
characteristic of mouse SVS proteins. The
results from lane 6 show that when neonatal rat
SV (epithelium and mesenchyme) is grafted to
1 4.4k — the adult mouse ureter the secretions obtained
are characteristic of rat (not mouse) SV.
Fig. 6. Hoechst stain of the induced SV tissue. The induced SV epithelial cells are shown to exhibit punctate nuclear staining characteristic of mouse
tissue, while the stromal cells were homogeneously stained indicative of their rat origin (x400). (Inset) Higher magnification of same area (Hoechst stain
x1,008).
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Fig. 7. These consecutive sections show the presence of AR in the induced SVtissue (A) and a negative control of the same area (B). The test was performed
using the PG-21 antibody to the AR and the Biotin/Avidin detection system without countcrstaining. (A) Positive reaction indicating the presence of
AR in the induced SV tissue (X200). (B) Negative control of the induced SV tissue (><320).
One feature of SVE not shared with URE is the expression of
androgen receptors (AR). Neither epithelial nor stromal cells of
the ureter exhibit AR. By contrast, AR are a prominent feature in
both the epithelium and stroma of the SV. When adult URE was
induced by SVM to differentiate into SV tissue, the induced
epithelium expressed nuclear staining with the PG21 antibody to
the AR (Figs. 7 A, B).
As controls, rat bladder mesenchyme was transplanted to the
severed ends of the ureters of adult male athymic mice as
described above. In these tissue recombinants, the urothelial
phenotype was maintained and no SVS proteins were detected
(not shown).
In addition, neonatal mouse vaginal mesenchyme was grafted
beneath bladder mucosa of adult male mice, and the host animals
were killed three months later. Such vaginal mesenchyme has
been shown to be able to induce prostatic development when
experimental tissue recombinants are grown in male hosts [22].
The vaginal mesenchyme implanted into the bladders induced
prostate-like acini (Fig. 8), indicating that the above reprogram-
ming of adult organs (mouse URE by rat SVM) in situ is not an
isolated occurrence.
Discussion
Mesenchyme-induced changes in adult epithelial differentiation
described herein were examined from several standpoints: gross
morphological organization; epithelial cytodifferentiation; and
expression of AR and tissue-specific secretory proteins. The
glandular tissue induced by rat SVM in adult mouse URE in situ
demonstrated a radical change in epithelial cytodifferentiation.
The original transitional phenotype characteristic of a urothelium,
which lacked AR [27], was transformed to a simple columnar
secretory epithelium, which expressed both AR and SVS proteins.
It is likely that the expression of AR preceded, and is a prereq-
uisite for, the production of SVS proteins as demonstrated
previously [37]. In the normal course of SV development, epithe-
hal AR appear two to three days postpartum [46, 47], whereas
SVS protein synthesis begins after day 10 [48].
The experimental data in this paper show that adult URE can
be induced in situ by neonatal SVM to undergo SV differentiation
and to express the full complement of secretory proteins charac-
teristic of the SV. There are two possible interpretations of these
findings. The induction of fully functional SV epithelium from
adult URE may indicate that determined fully differentiated adult
epithehial cells first dedifferentiated and then were reprogrammed
to express the SV phenotype. Alternatively, the adult URE may
contain undetermined and undifferentiated mesodermally-de-
rived epithelial stem cells that were the source of the induced SV
tissue. Such uncommitted embryonic-like cells should be present
in adult epithelia in exceedingly small numbers so that SV
differentiation would likely to be induced focally by SVM in
scattered sites throughout the adult epithehia. This is not sup-
ported by preliminary time-course studies using neonatal SVM +
adult URE tissue recombinants grown in vitro for 6, 9, and 12 days,
which have shown that the conversion of URE (originally orga-
nized as a simple tubular structure) into the complex folded and
branched SV mucosa occurred globally throughout the neonatal
SVM + adult URE tissue recombinants. Thus, the alternate
mechanism, dedifferentiation and subsequent reprogramming, is
favored at this time.
The inductions described in this paper represent the first
examples of complete morphological and functional reprogram-
ming in adult epithehial cells by transplantation of an inductive
V0S afla -It%,
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Appendix. Abbreviations
androgen receptors
sodium dodecylsulfate
seminal vesicle
seminal vesicle epithelium
seminal vesicle mesenchyme
seminal vesicle specific secretion
ureter epithelium
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Fig. 8. Glandular, prostate-like, epithelial acini induced by transplanting
neonatal mouse vaginal mesenchyme next to adult mouse bladder epithelium
in situ. Lumen of the bladder and bladder epithelium is on the left of the
figure, while induced prostate-like tissue is present in the submucosa on
the right. Hematoxylin and eosin stained section (X100).
mesenchyme in situ, In essence, an animal was created with three
seminal vesicles. This, obviously, has many clinical implications.
For instance, as a result of our work the precedent has been set,
utilizing instructive induction, for the creation of new organs that
may assume function following organ failure. Given the embryo-
logical literature on mesenchymal-epithelial interactions in devel-
opment of the lung, pancreas, liver, and kidney [49], attention can
now be directed to the possibility of in situ inductions of organs
critical for patient survival, The idea of "recreating" vital organs
is still at a formative stage and requires surmounting such
formidable obstacles as vascularization and nerve regeneration.
However, if a kidney could be induced by transplanting human
metanephric mesoderm to the patient's own ureter, the urinary
outflow tract would already be in an anatomically correct se-
quence. A potential difficulty of this approach would be obtaining
competent human metanephric mesoderm which is found during
a narrow time period around embryonic day 32 [1].
Acknowledgments
This research was supported by NIH grants DK47517, DK07219,
CA59831, and CA49996; National Kidney Foundation Research Fellow-
ship Grant; and Human Frontiers of Science Grant RG333 193. Dr. Satish
Kumar is acknowledged for his support and encouragement, and Joel
1. SAXEN L: Otyanogenesis of the Kidney. New York, Cambridge Univer-
sity Press, 1987
2. KRATOCHwIL K: Tissue combination and organ culture studies in the
development of the embryonic mammary gland, in Developmental
Biology: A Comprehensive Synthesis, edited by GWATKIN RBL, New
York, Plenum Press, 1987, pp 315—334
3. KEDINGER M, SIMON-ASSMANN PM, LAcR0Ix B, MARXER A, HAURI
HP, 1-IAFFEN K: Fetal gut mesenchyme induces differentiation of
cultured intestinal endodermal and crypt cells. Develop Biol 113:474—
483, 1986
4. HALL, BK: Tissue interactions in the development and evolution of
the vertebrate head, in Development and Evolution of the Neural Crest,
edited by MADERSON PFA, New York, John Wiley & Sons, 1987, pp
215—260
5. CUNHA GR, DONJACOUR AA, COOKE PS, MEE 5, BIG5BY RM,
HIGGINs SJ, SUGIMURA Y: The endocrinology and developmental
biology of the prostate. Endocrine Rev 8:338—363, 1987
6. CUNHA GR: Epithelial-stromal interactions in development of the
urogenital tract. mt Rev Cytol 47:137—194, 1976
7. EKBLOM P: Basement membrane proteins and growth factors in
kidney differentiation, in The Role of Extracellular Matrix in Develop-
ment, edited by TRELSTAD RL, New York, Alan R. Liss, 1984, pp
173—206
8. WESSELLS NK: Tissue Interactions and Development (vol 276), Menlo
Park, WA. Benjamin, Inc., 1977
9. SAWYER, RH: The role of epithelial-mesenchymal interactions in
regulating gene expression during avian scale morphogenesis, in
Epithelial-Mesenchymal Interactions in Development, edited by RH
SAWYER, JF FALLON, New York, Praeger, 1983, pp 115—146
10. CUNHA GR, ALARID ET, TURNER T, DONJACOUR AA, BOUTIN EL,
FOSTER BA: Normal and abnormal development of the male urogen-
ital tract: Role of androgens, mesenchymal-epithelial interactions and
growth factors. JAndrol 13:465—475, 1992
11. AEscio T, CAs5INI A: Induction in vitro of tracheal buds by pulmo-
nary mesenchyme grafted on tracheal epithelium. J Exp Zool 150:83—
94, 1962
12. ALESCIO T, PIPERNO EC: A quantitative assessment of mesenchymal
contribution to epithelial growth rate in mouse embryonic lung
developing in vitro. J Embryo! Exp Morphol 17:213—227, 1967
13. AARONSON SA, RUBIN JS, FINCH PW, WONG J, MARCHESE C, FALCO
J, TAYLOR WG, KRAUS MH: Growth factor-regulated pathways in
epithelia! cell proliferation. Am Rev RespirDis 142(Suppl):7—10, 1990
14. CUNHA GR, FOSTER BA, DONJACOUR A, RUBIN JS, SUGIMURA Y,
FINCH PW, BRODY JR, AARONSON SA: Keratinocyte growth factor: A
mediator of mesenchymal-epithelial interactions in the development
of androgen target organs, in Sex Hormones and .4ntihormones in
Endocrine Dependent Pathology. Basic and Clinical Aspects, edited by
MorrA M, SERb L, New York, Elsevier, 1994, pp 45—57
15. RUTTER WJ, KEMP JD, BRADSHAW WS, CLARK WR, RoNzIo RA,
SANDERS TG: Regulation of specific protein synthesis in cytodifferen-
tiation. J Cell Physiol 72(Suppl 1):1—18, 1968
16. HIGGINS SJ, YOUNG P, CUNHA GR: Induction of functional cytodif-
ferentiation in the epithelium of tissue recombinants. II. Instructive
AR
SDS
SV
SVE
SVM
SVS
URE
66 Lipschutz Ct al: Developmental plasticity of urothelial cells
induction of Wolffian duct cpithclia by neonatal seminal vesicle
mesenchyme. Development 106:235—250, 1989
17. HAFFEN K, LAcRoix B, KEDINGER M, SIMON-ASSMANN PM: Inductive
properties of fibroblastic cell cultures derived from rat intestinal
mucosa on epithelia differentiation. Differentiation 23:226—233, 1983
18. DONJACOUR AA, CUNHA GR: Assessment of prostatic protein secre-
tion in tissue recombinants made of urogenital sinus mcsenchyme and
urothelium from normal or androgen-insensitive mice. Endocrinology
131:2342—2350, 1993
19. CUNIIA OR, Fuin H, NEUBAUER BL, SHANNON JM, SAWYER LM,
REESE BA: Epithelial-mesenchymal interactions in prostatic develop-
ment. 1. Morphological observations of prostatic induction by urogen-
ital sinus mesenchyme in epithelium of the adult rodent urinary
bladder. J Cell Biol 96:1662—1670, 1983
20. CUNHA GR, LUNG B: The possible influences of temporal factors in
androgenic responsiveness of urogenital tissue recombinats from
wild-type and androgen-insensitive (Tfm) mice. J Exp Zool 205:181—
194, 1978
21. CUNHA OR: Epitheliio-mesenchymal interactions in primordial gland
structures which become responsive to androgenic stimulation. Anat
Rec 172:179—196, 1972
22. CUNHA OR: Age-dependent loss of sensitivity of female urogenital
sinus to androgenic conditions as a function of the epithelial-stromal
interaction. Endocrinology 95:665—673, 1975
23. B0uTIN EL, BATFLE E, CUNHA OR: The response of female urogen-
ital tract epithelia to mesenchymal inductors is restricted by the germ
layer origin of the epithelium: Prostatic inductions. Differentiation
48:99—105, 1991
24. CUNHA OR: Development of the male urogenital tract, in Urologic
Endocrinology, edited by RAJFER J, Philadelphia, WB Saunders Co.,
1986, pp 6—16
25. DONJAcOUR AA, CUNHA OR: Induction of prostatic morphology and
secretion in urothelium by seminal vesicle mesenchyme. Development
121:2199—2207, 1995
26. CUNHA OR, CHUNG LWK, SHANNON JM, REESE BA: Stromal-
epithelial interactions in sex differentiation. Biol Reprod 22:19—43,
1980
27. CUNHA OR, REESE BA, SEKKINGSTAD M: Induction of nuclear
androgen-binding sites in epithelium of the embryonic urinary bladder
by mesenchyme of the urogenital sinus of embryonic mice. Endocri-
nology 107:1767—1770, 1980
28. NEUBAUER BL, CHUNG LWK, MCCORMICK KA, TAGUCHI 0, THOMP-
SON TC, CUNHA OR: Epithelial-mesenchymal interactions in prostatic
development. II. Biochemical observations of prostatic induction by
urogenital sinus mesenchyme in epithelium of the adult rodent urinary
bladder. J Cell Biol 96:1671—1676, 1983
29. CUNHA OR, SEKK1NGSTAD M, MELOY BA: Heterospecific induction of
prostatic development in tissue recombinants prepared with mouse,
rat, rabbit and human tissues. DiJfrrentiation 24:174—180, 1983
30. URSPRUNG H: The Stability of the Differentiated State. New York,
Springer-Verlag, 1968
31. SLACK JMW: From Egg to Embryo: Determinative Events in Early
Development. New York, Cambridge University Press, 1985
32. BERNIMOULIN J-P, SCHROEDER HE: Changes in the differentiation
pattern of oral mucosal epithelium following heterotopic connective
tissue transplantation in man. Path Res Pract 166:290—312, 1980
33. MACKENZIE IC, HILL WM: Connective tissue influences on patterns
of epithelial architecture and keratinization in skin and oral mucosa.
Cell Tissue Res 235:551—559, 1984
34. SPEARMAN RIC: Alteration of keratinization in mouse ear epidermis
in recombinant grafts with tail dermis. Acta Anat 89:195—202, 1974
35. DUDEK RW, LAWRENCE IEJ: Morphologic evidence of interactions
between adult ductal epithelium of pancreas and fetal foregut mes-
enchyme. Diabetes 37:891—900, 1988
36. SAKAKURA T, SAKAGAMI Y, NISHIZUKA Y: Persistence of responsive-
ness of adult mouse mammary gland to induction by embryonic
mesenchyme. Develop Biol 72:201—210, 1979
37. CUNHA OR, YOUNG P, HIGGINS SJ, Coox PS: Neonatal seminal
vesicle mesenchyme induces a new morphological and functional
phenotype in the epithelia of adult ureter and ductus deferens.
Development 111:145—158, 1991
38. FAWELL SE, MACDONALD CJ, HIGGINS SJ: Comparison of seminal
vesicic secretory proteins of rodents using antibody and nuclcotide
probes. Mol Cell Endocrinol 50:107—114, 1987
39. HIGGINS SJ, YOUNG P, BRODY JR, CUNHA GR: Induction of func-
tional cytodifferentiation in the epithelium of tissue recombinants. II
Homotypic seminal vesicle recombinants. Development 106:219—234,
1989
40. CUNHA OR, SHANNON JM, NEUBAUER BL, SAWYER LM, FUJII H,
TAGUCHI 0, CHUNG LWK: Mesenchymal-epithelial interactions in sex
differentiation. Hum Genet 58:68—77, 1981
41. PRINS 0, BIRCH L, GREENE 0: Androgen receptor localization in
different cell types of the adult rat prostate. Endocrinology 129:3 187—
3199, 1991
42. BRODY JR, CUNHA OR: Histologic, morphometric, and immunocyto-
chemical analysis of myometrial development in rats and mice: I.
Normal development. Am JAnat 186:1—20, 1989
43. LAEMMLI UK: Cleavage of structural proteins during assembly of the
head of bacteriophage T4. Nature 227:680—685, 1970
44. BROOKS DE, HIGGINS Si: Characterization and androgen-dependence
of proteins associated with luminal fluid and spermatozoa in the rat
epididymis. J Reprod Fertil 59:363—375, 1980
45. CUNHA OR, VANDERSLICE KD: Identification in histological sections
of species origin of cells from mouse, rat and human. Stain Technol
59:7—12, 1984
46. COOKE PS, YOUNG P, CUNHA OR: Androgen receptor expression in
developing male reproductive organs. Endocrinology 128:2867—2873,
1991
47. SHIMA H, TSUJI M, YOUNG PF, CUNHA OR: Postnatal growth of
mouse seminal vesicle is dependent on 5a-dihydrotestosterone. En-
docrinology 127:3222—3233, 1990
48. FAWELL SE, HIGGINS SJ: Tissue distribution, developmental profile
and hormonal regulation of androgen-responsive secretory proteins of
rat seminal vesicles studied by immunocytochemistry. Mol Cell Endo-
crinol 48:39—49, 1986
49. MOORE KU, PERSAUD TVN: The Developing Human, Philadelphia,
W.B. Saunders Company, 1993
